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Description

[0001] This invention relates to a tubular bodies and methods of forming same and more particularly but not exclusively
to the production of pipes for use in pipework systems such as pipelines for carrying natural gas or petroleum products
under pressure. Other forms of tubular bodies such as pylons, towers, support arms and the like may also be manufactured
according to the invention described herein.
[0002] It is known that natural gas and petroleum products produced in recent years or held in reserve for future
extraction contain carbon dioxide and hydrogen sulphide. It is also known that under normal operating conditions of
pressure, pipelines formed of conventional materials carrying such products are particularly likely to be subject to failure
due to stress corrosion cracking. Such failures often result in catastrophic longitudinally extending fractures of the pipes
of the pipelines.
[0003] Previous attempts to reduce the risk of such failures have involved the use of corrosion inhibitors, added to the
products being carried by the pipelines. Unfortunately, this results in unacceptable costs including not only the cost of
the inhibitors and adding them to the products but also the cost of removing and recovering the corrosion inhibitors in
due course from the products carried by the pipelines. The use of corrosion inhibitors is also not advisable, particularly
in offshore pipelines, due to the environmental problems created if there is any escape of the corrosion inhibitors from
the pipelines.
[0004] Alternative ways of reducing the risk of stress corrosion cracking in pipes by reducing the tensile stress on the
part of the pipes in contact with the products being carried have been proposed. These include the use of pipes formed
of, for example, two tubes inserted one inside the other and to then during production mechanically forcing the inner
pipe into contact with the outer pipe so that the inner pipe after completion of this operation has a compressive stress
and the outer pipe has a tensile stress. This process is known as "auto-frettage" and one way of carrying out this operation
mechanically is described in U.S. Patent No. 4,823,847. It will be appreciated that the two pipes must be made to very
tight tolerances if one is to be able to insert one into the other and perform an auto-frettage step without adversely
damaging the inner pipe. It will also be appreciated that this particular auto-frettage operation is only suitable for use in
small lengths of pipe and suffers from the disadvantage of being a time consuming and therefore expensive operation
to carry out. A further disadvantage of the production of a pipeline from such small lengths of pipe, typically 8 to 10 metre
lengths, is that it will involve numerous joints being made which in themselves are points of weakness in a pipeline.
[0005] Tubular bodies of a different kind are also known from US Patent No. 4,657,049 in which metal strips are
helically wound in overlapping fashion and embedded in an adhesive matrix to produce a rigid tubular structure. US
Patent No. 3,530,567 describes a method of forming a tube by helically winding a metal strip in self-overlapping fashion
so that the thickness of the wall of the tube at any point is formed from a plurality of laps. In order to remove the helical
ridges on the internal bore of the tube formed by the edges of the strip, the laps of the strip material are flattened one
against the other after winding by expanding the tubular structure beyond the yield point of the metal strips. Such a
procedure presents significant manufacturing difficulties.
[0006] GB2280889 discloses a method of forming a hollow elongated or tubular body and comprises helically winding
at least one strip of material in self-overlapping fashion to provide a multi- layer tubular structure. In this arrangement
the strip is pre-formed to provide a transverse cross-section having at least one step which, in each convolution of the
strip accommodates the overlapping portion of the next convolution. A tubular body having a wall thickness formed of
a plurality of laps may thus be continuously made from a single strip of material, the wall thickness generally being one
strip thickness greater than the number of steps formed in the cross-section of the strip.
[0007] The above arrangement may be provided with internal or external liners, the form of which will depend upon
the application for which the tubular structure is intended but may comprise a filament wound fibre-reinforced matrix. In
the fabrication of such a tubular structure, the inner liner may be pre-formed so as to provide a mandrel upon which the
helically wound reinforcing core is wound. Alternatively an inner liner may be formed by winding resin impregnated
reinforcement fibres or fabrics for the inner liner onto a suitable mandrel, and then winding over the liner a stepped steel
strip to produce the reinforcement core, followed by winding the required resin impregnated reinforcement fibres or
fabrics for an outer liner. Unfortunately, such a process is only able to produce discrete lengths of pipe section and does
not lend itself to the use of the "auto-frettage" process.
[0008] Presently, the pressure capacity of such pipes is limited by the economics of the materials being used and the
weight of the final product which must be transported and moved into position, often in vary difficult circumstances. The
most common pipe used in gas transportation has an X65 steel grading (448 MPa (65,000 psi) minimum yield strength)
but even this standard of pipe cannot meet the newer requirements, which demand up to 827 MPa (120,000 psi) yield
strength. Whilst one can clearly increase the thickness and specification of the pipe wall, this will only add to the cost,
weight, and complexity of installation. Additionally, such arrangements must be girth welded which is difficult to achieve
and costly. There is, therefore, a need for a high performance pipe which is both strong and light whilst being economical
to produce and relatively easy to transport and install.
[0009] US 5117874 relates to high-strength steel pipes, bands and shielding wires for marine cable. The high-strength
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steel articles may provide hydrogen-induced crack resistance, particularly in an environment of wet hydrogen sulfide.
This steel contains 0.40 to 0.70% of C, 0.1 to 1% of Si, 0.2 to 1% of Mn, up to 0.25% of P and up to 0.010% of S, and
further, if necessary, 0.008 to 0.050% of Al and the balance of Fe and unavoidable impurities, and has a spheroidized
structure. In addition, the document relates to a flexible sour fluid transport pipe made of the high-strength steel band
having the above-described composition and a tensile strength of 50 to 80 kg/mm2.
[0010] US 3880195 relates to a composite pipeline construction wherein a plurality of lengths of steel pipe are connected
together, as by welding, to form an elongated tubular shell. One or more layers of a strengthening material, preferably
low carbon, martensitic steel strap, may be wrapped around the exterior of the shell. Slight clearances or gaps may be
provided between the adjacent turns of the wrap of each layer and the wrapping may be done so that the gaps of one
layer are covered by the material of the wrap of the next layer. Prior to being placed in operation, the pipeline may be
subjected to a predetermined prestressing pressure, which is sufficient to stress the pipe portions beyond their yield
strength but which is insufficient to stress the wrap beyond its yield strength. After depressurization and during subsequent
operation at normal pressures, the stresses in the pipe and wrap do not exceed their respective yield strengths.
[0011] US 5730188 relates to a flexible conduit formed by a helically wound band of metal that resists burst pressure.
The band has a leading edge hook and a trailing edge hook that engages and interlocks. The cross-section of the band
has a radially asymmetrical Z-shaped profile. When the band is helically wound, the downstream hook of one turn of
the band is received in the upstream valley of the previous turn of the band so that the downstream and upstream hooks
form an interlock holding the windings together. A multilayer conduit employing the band may include a central, helically
wound collapse-resistant layer disposed within a flexible fluid barrier that in turn is disposed within the tube formed by
the band. The conduit may be wrapped with one or more tensile strength layers, anti-wear layers, and additional fluid
barriers.
[0012] US 5275209 relates to a reinforced hose including at least one of a pressure-resistant reinforcement, a tensile-
strength reinforcement and/or an inner carcass. At least one of the pressure-resistant reinforcement, the tensile-strength
reinforcement and the inner carcass have at least one elongated element formed as one of a profile, a cable, an
interlockable wire, and a strip with the at least one elongated element being composed of an aluminium-based alloy.
[0013] The object of the present invention is to provide a tubular body and a method of forming same in which the risk
of stress corrosion cracking is reduced and in which one or more of the other above-mentioned disadvantages of the
known pipes and methods of forming same are alleviated.

SUMMARY

[0014] According to a first aspect of the present invention there is provided a tubular body having an inner hollow
metal tubular core and an outer casing, wherein the outer casing comprises one or more metal strips of mechanically
self inter-locking, self over-lapping helically wound material having a higher yield strength than that of the inner core
wherein the strip includes an indent and a detent which co-operate with each other in successive convolutions and
wherein an inner surface of the outer casing is in continuous contact with an outer surface of the core so as to be capable
of exerting a compressive force on the core after the core has been subjected to an internal pressure sufficient to cause
plastic deformation of the core material.
[0015] Preferably, the core has a tubular structure formed by a continuous forming process.
[0016] When it is desired to provide further protection from the environment the tubular body may be provided with a
protective casing on the outside of the outer casing.
[0017] In a preferred arrangement the strip has a transverse cross-sectional step, which, in each convolution of the
strip accommodates the overlapping portion of the next convolution.
Preferably, the outer casing is selected from the group comprising steel, stainless steel, titanium or aluminium but is
preferably Martinsite.
[0018] For some applications the tubular core tubular body advantageously formed of a corrosion resistant material
such as stainless steel which may be 316L stainless steel.
[0019] In an arrangement particularly suited to continuous production, the tubular body may be a roll formed, seam
welded metal tube. Alternatively, the core may be formed from one or ore strips of self over-lapping helically would material.
[0020] Preferably, the indent comprises a longitudinally extending indent formed on one side of the strip and the detent
comprises a longitudinally extending detent on an opposite side of said strip. These features engage with each other to
provide one form of mechanical inter-engagement which may be used alone or in combination with other forms of inter-
engagement disclosed herein.
[0021] Advantageously, the strip includes two edges and one edge may be longer than the other.
[0022] The tubular body may include an adhesive layer between overlapping portions of the outer casing. Conveniently,
the adhesive layer may be a strip of adhesive applied to the strip and this may be a curable polymer which may comprises
a single part film based epoxy , such as Cytec FM8210-1 which may conveniently have having a textile carrier. This
adhesive may be used in combination with any other mechanical interconnection described herein.
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[0023] In a further arrangement of the present invention the tubular body has an end and may further include a
connector at an end thereof. This connector may include a ring of corrosion resistant material, said core may comprise
a corrosion resistant material and said ring and core may be welded to each other. For convenience and location purposes
helical projections may be formed on the tubular body and said connector may include corresponding grooves for
engagement with said helical projections.
[0024] According to a further aspect of the present invention there is provided a method of manufacturing a tubular
body as outlined above comprising winding said strip onto said core in a mechanically self inter-locking, self-overlapping
relationship, thereby to form an outer casing surrounding said core. In a method which lends itself to the continuous
production of tubular body, the core material may be formed by roll forming from a strip of metal and seam welding said
strip along confronting edges so as to form a metal tube. The strip may be formed having one edge longer than the other
edge so as to impart a degree of clamping of said strip to said core.
[0025] The method may include the step of providing the adhesive in the form of a strip of adhesive applied to the
strip prior to it being over wound with a successive layer of said strip and may still further include the step of applying
an anti-corrosion coating to the outside of the outer casing. Conveniently, the anti-corrosion coating may be provided
in the form of a plastic material spirally wound onto the body.
[0026] In order to auto-frettage the tubular member the method preferably includes the step of subjecting the finished
tubular body to an internal pressure sufficient to cause plastic deformation of the core material and elastic deformation
of the outer casing. It may be desirable to provide the inner core in the form of a pre-existing pipeline.
[0027] Modifications of the above designs present themselves and, in particular, one may adopt an arrangement
wherein the strip includes chamfered edges shaped to accommodate the step in the strip and the indent and detent may
include flat mutually confronting contact surfaces. In more detail, the indent may comprise mutually confronting inclined
surfaces and the detent may include corresponding surfaces for engagement with said confronting surfaces on said
indent. Conveniently the mutually confronting surfaces form a saw tooth. Alternatively, the mutually confronting surfaces
may be perpendicular to a longitudinal axis of the tubular member.
[0028] The steel strip laminate (SSL) technology described and claimed herein offers the energy industry potential
new methods of low cost pipeline construction suitable for onshore gas and oil transmission lines and offshore flow lines
working in a corrosive environment. Pressure burst tests demonstrated that a 160mm diameter Helipipe™ comprising
a 1 mm thick 316L stainless steel liner and an outer reinforcing layer of two layers of 0.5mm Martinsite wrapped in a
self overlapping arrangement burst at 23.6MPa (235Barg) which is sufficient to meet and exceed the X200 pipe speci-
fication. Detailed Finite Element Analysis on the composite pipe, which was undertaken by the AEA Technology at
Harwell, verified that the burst test results were within 2% of the theoretical burst pressure and predicted that Helipipe
would be a third of the weight and three times more flexible than the equivalent X65 steel pipe. Economic studies
undertaken by Halliburton Subsea 7 and Advanced Engineering Solutions, which predicted that Helipipe was on average
40% cheaper than the conventional X65 steel pipeline.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Preferred embodiments of the invention will now be described, by way of example only, with reference to the
accompanying drawings of which:

Figure 1 is a schematic longitudinal view, partially cut-away and partially in section, of an example of a tubular
member as known in the prior art;
Figure 2 is a schematic longitudinal view, partially cut-away and partially in section, of an outer casing of the tubular
member in accordance with the invention;
Figure 3 is a partially sectioned side elevation of a connector for use with the tubular member whose outer casing
is shown in Figure 2;
Figure 4 is a stress strain graph of the tubular member in accordance with the invention;
Figure 5 is a stress strain graph of the tubular member in accordance with the invention, during a pressure treatment
cycle;
Figure 6 is a stress strain graph of a number of other alternative materials which may lend themselves to inclusion
as materials in a tubular body according to the present invention;
Figures 7 and 8 are cross-sectional views of the outer casing in accordance with the invention and illustrate an
interlock arrangement; and
Figures 9 and 10 are cross-sectional views of a portion of an alternative arrangement of outer casing Figure 10 in
accordance with the invention.
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DETAILED DISCUSSION OF PREFERRED EMBODIMENT

[0030] Referring now to Figure 1 of the drawings, a tubular body, which is known in the state of the art, indicated
generally at 10 forming a pipe for use in a pipework system such as a pipeline carrying natural gas or petroleum products
under pressure comprises an inner core in the form of an inner pipe 12 which may be formed by any one of a number
of forming processes. In the preferred process the tube 10 comprises a metal tube which is roll formed and welded along
confronting surfaces to form the tube. Alternatively, the tube may be drawn as a fully formed tube in either metal or
plastics material. When provided as a metal it may be desirable to provide it in the form of a corrosion-resistant material
such as stainless steels, alloys or titanium, to name but two suitable materials. An outer casing indicated generally at
14 is formed on the inner metal pipe 12 by helically winding a strip 16 of material onto the outer surface 12a of the pipe
12 in self-overlapping fashion in the manner which is described in detail for the formation of a pipe on a mandrel in the
specific descriptions of the applicants U.K. Patent No. 2,280,889 and U.S. Patent No. 5,837,083. In the present arrange-
ment the tubular body 10 can, if necessary, be continuously constructed by the above-described techniques or by any
suitable alternative. The strip 16 has one or more transverse cross-sectional steps 18 and 20 each of which is preferably
of a depth corresponding to the thickness of the strip 16. The steps 18, 20 are preferably preformed within the strip 16,
each extending from one end of the strip 16 to the other to facilitate an over-lapping centreless winding operation in
which each convolution of the strip accommodates the overlapping portion of the next convolution. Whilst the strip may
comprise any one of a number of materials such as a plastic, a composite material or indeed metal, it has been found
that metal is particularly suitable in view of its generally high strength capability and ease of forming and joining as will
be described later herein. Examples of suitable metals include steel, stainless steel, titanium and aluminium, some of
which are particularly suitable due to their anti-corrosion capabilities. Particular materials are discussed in the examples
tested later herein. The internal surface 16i of the strip 16 and the outer surface of the pipe 12a may be secured together
by a structural adhesive, as may the overlapping portions 16a of the strip. The use of an adhesive helps ensure that all
individual components of the tubular member 10 strain at a similar rate.
[0031] Further advantage may be gained from the application of a protective primer to the metal strip. Martinsite, for
example, although high strength and low carbon, it is still mild steel and subject to corrosion. One suitable primer is
BR127, available from Cyrec Engineering materials of 1300 revolution St, Hrvre de Grace, MD 21078 USA from whom
a full data sheet may be obtained. This primer is compatible with a wide variety of adhesives, has established corrosion
resistance properties and is also a bonding adhesion promoter. Incorporation of this primer, in conjunction with an outer
protective wrap of BP’s CURVE ™ material (CyCURV), as described later herein provides a feasible, high performance
protection system that may easily be applied to the present invention. Application of the CURVE ™ may be by adhesive
bonding if so desired but as this material can be pre formed having a desired radius of curvature adhesive may not be
necessary.
[0032] Conventional pipeline protection systems (especially 3 layer Fusion Bonded Epoxy) could not be used with the
present pipe because of temperature restrictions or process incompatibility. An important enabling feature of the Cytec
primer is that it can be applied to flat Martinsite strip and is resistant to the rib forming process without cracking or
reduction in properties.
[0033] Referring now to Figure 2 of the drawings, a tubular body indicated generally at 22 has an alternative outer
casing 24 formed as previously described from a steel strip 26 having only a single step 28 but which is preformed with
a projection 30 forming on one side a detent 30a and on another an indent 30b extending longitudinally of the strip 26
to, in effect, form a helical thread on the external surface of this alternative outer casing 24. It will be appreciated that
this alternative form of casing may be wound onto the core 12 in the same manner as described above, save for the
fact that the strip is wound in overlapping relationship such that the indent 30b on any second layer co-operates with
the detent 30b on a previously deposited portion of said strip 26, thereby to locate the layers relative to each other and
form said external helical thread which may be used as a location feature for a flange fitted to said tubular structure 12
in the manner described later herein.
[0034] In either of the above arrangements the strip 16 or 26 may advantageously be provided with one edge 16a,
26a longer than the other 16b, 26b, thereby to provide a curve to said strip which upon winding onto the core 12 helps
secure the strip to the core with a degree of clamping and / or facilitate correct overlapping. Additionally, the adhesives
referred to above may take the form of a strip of adhesive applied to the core 12 or the strip 16, 26 prior to or during
winding of said strip 16, 26 onto said core 12. The adhesive may, for example comprise a curable polymer and conveniently
comprises a single part film based epoxy having a textile liner, such as to facilitate the easy application of the adhesive
and the easy curing thereof once it has been deposited. If desired the adhesive may be provided with an anti-bacterial
capability or with radiation resistant properties to name but two examples of properties that may be provided. The
examples listed below employs Cytec FM 8210-1 as the adhesive. This adhesive may be cured in just two minutes at
180°C which is in stark contrast with some other adhesives which, in order to be cured in 2 minutes require a temperature
of 250°C which can have a detrimental effect on the adhesive properties. In order to eliminate quality control problems
during any manufacturing stage it may be desirable that the Martinsite strip be cleaned/ shot blasted/ mechanically or
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chemically etched, degreased, primed and pre-coated with the adhesive in factory conditions and supplied as a roll of
production prepared product. It will be appreciated that other forms of adhesive may be used and their selection and
suitability will depend on the use to which the final product it to be put. For example, it may be desirable to provide a
highly flexible adhesive if the pipe is to be rolled onto a drum for transportation or a very high strength and rigid adhesive
when the pipe is used in high strain applications such as high pressure pipelines and support arms.
[0035] In other designs of composite pipe, the end connector has proved to be the ’Achilles Heel’ of the system. To
overcome this problem, the presently proposed end connector uses the pipe’s helical protrusions as an anchor to resist
the shear stresses between the pipe and connector during the unrestrained pressure tests. The connector is based
around a standard BS1560 class 600 flange with the internal bore machined to match the pitch of the pipe’s helical
protrusions. The connector screws over the helical protrusions and the clearances between the connector and pipe are
filled with Araldite ™ which is a 2-part cold set structural adhesive available from Huntsman Advanced materials of
Duxford, England, from whom the full specification may be obtained. The average lap strength of this adhesive when
applied to steel or stainless steel is between 20 and 25 N/mm2 when cured at room temperature or up to 40°C. Three
6mm holes spaced 120° apart are drilled radially through the rear tapered section of the flange to allow the adhesive to
be injected into the annular gap. The bore of the connector is tapered 1.5 degrees to produce a more even stress
distribution within the bore. A length of Helipipe was assembled using 316L stainless steel semi hard liners and
Martinsite ™ windings primed and adhesively film coated with Cytec FM 8210-1 film adhesive at both ends of the pipe.
This adhesive is available from Cytec Engineering materials of Anaheim, California, USA, from whom a full technical
specification may be obtained. This adhesive possesses high shear strength and strain properties (37MPa (5400psi)
lap sheer stress at 23.9°C (75°F)). The end of the windings were cut back 15mm to stop the epoxy adhesive from gassing
during the liner butt-welding process. The end connectors were then screwed onto the pipe and the liners butt-welded
to the stainless steel inserts within the connectors. The assembly of the connectors is shown in Figure 3.
[0036] To ease the flow of the adhesive, each connector was heated to 40°C before pumping the 2-part cold set epoxy
adhesive into the annual gap between the connector and the pipe. To ensure controlled filling of the annual gap, three
ports were used to pump in the adhesive using a manual cartridge gun. Levelling out the adhesive in this way prevented
the entrapment of air bubbles within the epoxy. When the adhesive had filled the potting chamber the epoxy was cured
at ∼70 to 80°C for 30 minutes. The pipe was then turned over and the other end potted in a similar manner.
[0037] To provide a continuous protective barrier to transport corrosive products, the pipe’s stainless steel liner was
butt welded to a ring or flange of stainless steel provided in the connector’s bore, as shown in Figure 3. The circumferential
closure weld was a difficult weld to perform because it was located within the bore of the pipe.
[0038] Referring now more particularly to Figure 3 of the drawings, a connector indicated generally at 32 for use with
either of the tubular bodies 10 or 22 but more particularly the tubular body 22, consists of a body 34 having a bore 36
therein whose internal surface 36i is provided with helically extending grooves 36g corresponding to the detents 30a
formed in the external surface of the outer casing 24 of the tubular body 22. The connector 32 is screwed on to the
detents on the external surface of the outer casing 24 and is also secured thereto by the structural adhesive injected
through the one or more holes 36h provided on the outside of the connector 32. The end of the body 34 remote from
the tubular body 22 has a flange 38 for securing the connector 32 to other conventional pipework fittings (not shown) or
has a weld prepared end portion (not shown) for connecting to other conventional pipework.
[0039] The end of the bore 36 into which the tubular body 22 is inserted is preferably formed with a taper T to avoid
the creation of localised stress on the tubular body 22 under internal pressure during use or bending of the tubular body.
The end of the bore 36 adjacent to the flange 38 has a recess 36r into which a ring 40 of material compatible with the
material selected to form the core 12 may be inserted and joined thereto by any suitable joining technique. When the
body is to be used for the transportation of corrosive products both the core 12 and the ring 40 may be of stainless steel
and welded to each other by any conventional welding technique, thereby to form an end on the tubular body suitable
for connection. Connection may be achieved by means of the flange 38 which cooperates with a like flange on a further
length of tubular member and is secured there to by bolts (not shown) provided through holes 42 provided in the flange.
[0040] If desired a further protective coating in the form of a layer of CURVE ™ may be provided as a layer of wrapped
material around the outside of the pipe. Curve is a low weight, high strength polypropylene material invented by Professor
Ian Ward of Leeds University, England, developed by BP and now available from PROPEX of Groneau, Germany. The
product comprises a plurality of high tensile fibres of polypropylene woven into a mat and then heated under pressure
such that the outer portions of each fibre melts and bonds with its adjacent neighbour whilst maintaining a core of high
tensile material. Other forms of protective coating may be used and the present invention should not be considered as
being limited to the use of CURVE ™. When CURVE ™ is employed it may be provided as a long strip and wound onto
the outer portion of the tubular body 10 in overlapping or abutting relationship. It may, if desired be adhesively bonded
to the tubular body by means of any suitable adhesive such as the Cytec adhesive mentioned above.
[0041] The technique known as "auto-frettage" and how it may be applied to the present invention will now be described
with reference to Figures 4 and 5, where the inner core 12 is formed of a stainless steel having a lower yield strength
and better elongation properties than the "Martinsite" ™ from which the strips 16, 26 forming the outer casing 14, 24 are
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formed. The typical stress/strain graph of the selected materials is shown in Figure 4.
[0042] Figure 5 shows the stress/strain graphs of the two materials during the "auto-frettage" process. Both materials
start with the same zero loading (point1) and when the composite tubular body described above is subjected to an
internal pressure loading to a predetermined "shakedown" pressure limit which is above the yield strain (point 2) of the
inner pipe 12 but below the yield strain of the outer casing 16, 26 the inner pipe 12 undergoes yielding and plastic
deformation (points 3 and 4) whilst the outer casing 16, 26 remains within its elastic limits as it reaches the stress loadings
at its corresponding points 3* and 4*. On unloading the tubular body, the inner core 12 returns to a state of compressive
stress under zero load (point 5) whilst the outer casing 16, 26 remains in a state of tensile stress (point 5*) well below
its yield stress. On subsequent reloading of the tubular body to a working pressure (up to point 6 and 6*) both the outer
casing 16, 26 and the inner core 12 behave in a linear manner and any further load cycling will be within elastic limits
and the inner pipe 12 will be operating at a reduced tensile stress level. This reduction in the operating tensile stress of
the inner pipe 12 is termed "auto-frettage" and will result in a reduction in the risk of stress corrosion cracking occurring.
The stress strain graph of a preferred pressure loading sequence is illustrated in Figure 5 commencing at 1 with the
initial zero stress condition. It will be appreciated that as the inner pipe is effectively compressively "pre-loaded" it may
be subjected to internal pressures in normal operation, which, under normal conditions, would result in plastic deformation,
whilst remaining below the yield point of that material. It will also be appreciated that not all uses of the invention as
described herein will need to be subjected to an "auto-frettage" step. For example, if one simply needs to produce very
long lengths of pipe which is not subjected to excessive internal pressures one may simply form the pipe by means of
a continuous process of forming the inner core 12 and wrapping the outer casing 16, 26 therearound.
[0043] In order to provide an enhanced degree of axial location or restraint in the outer casing it may be desirable to
provide an axial lock in the form of inter-engaging members as shown in figures 7 and 8. Referring to Figure 7, a first
form of lock comprises a channel 60 formed in one edge of the strip 16 and extending along the edge of the strip together
with a corresponding longitudinally extending projection 62 provided in an overlapping portion of the opposite edge of
the strip 16. In operation, the projection 62 is laid down into the channel 60 as the strip 16 is would onto the inner casing
12 and interlocks therewith such as to resist any axial load that may be places on the tubular structure. An alternative
arrangement is shown in figure 8 in which a saw tooth design is employed. A saw tooth 66a, 66b is provided as a
longitudinally extending feature in confronting edges of each side of the strip 16 such that they cooperate with each
other as the strip is laid down onto the inner casing 12. In operation the confronting surfaces 68a, 68b of the teeth engage
with each other to resist any axial load that may be applied to the tubular member 10. The stress concentration is much
lower in this latter option.
[0044] It may be desirable to improve still further the load carrying capacity of the outer casting 16, in which case a
design as shown in figures 9 and 10 may be employed. In figure 9 not forming part of the invention the edges of the strip
16 forming the outer casing are chamfered or tapered at 70a, 70b such that, in operation, they more closely fit over the
step 20 discussed in detail with reference to figure 1 above. It will be appreciated that this design modification increases
the thickness of the casing in the region of the overlap which might otherwise be only one layer thick if the strip was bluff
ended, as shown by the dotted lines. By increasing the thickness in this manner it is possible to increase the load capacity
in this region. Figure 10 illustrates another modification in which the outer casing 16 is formed from a strip having matching
inclined or sloping surfaces rather than the curved surfaces shown in figure 2. In essence, a longitudinally extending
indent 72 provided along the strip accommodates a longitudinally extending detent 74 provided in a confronting surface
of the adjacent convolution of the strip. The sloping surfaces 76, 78 of the indent and detent confront each other and
engage with each other when the tubular member is subjected to an axial load. The surfaces 76 are mutually confronting
whilst surfaces 78 face away from each other. The contact between the sloping surfaces is such as to more evenly
distribute the load than in the embodiment of figure 2. A strip of material 80 may be inserted between the indent 72 of
an inner portion of the winding and the inner casing 12 so as space fill any void and restrict any adverse stretching of
the inner casing when subjected to radial load. This strip may, advantageously be Martinsite, so as to assist with the
load carrying capacity of the casing.
[0045] In order to manufacture a pipe 10 according to the present invention one must first form an inner liner 12 and
then wrap the outer casing onto the liner 12. In practice, the inner liner may be formed by any one of a number of
techniques such as metal or plastic extrusion or continuous winding but it has been found that forming a liner by rolling
a long strip of metal about its longitudinal axis and then seam welding the confronting surfaces in a continuous manner
is particularly suitable. Once the inner liner 12 has been formed one may form the outer casing by wrapping a strip 14
of material around the liner 12 such that each revolution of the strip 14 mechanically engages with the previous revolution.
Mechanical engagement may take any one of a number of different forms, some of which are illustrated in the drawings
attached hereto. Referring briefly to Figure1, one will appreciate that one preferred form of mechanical engagement
could comprise a self over-lapping arrangement achieved by deforming the strip 16 along its longitudinal axis before
being laid down onto the core 12 such as to provide a step 20 in the strip 14 which acts to locate the overlapping portion
of the next revolution of the strip. The strength of this arrangement may be enhanced by applying an adhesive between
the layers of the self over-lapping portion and, if desired, between the inner liner 12 and the outer portion 14. Alternatives
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to adhesives may be used, such as mechanical inter-engagement or nano-technology surface modification, which is
aimed at attracting confronting surfaces to each other and maintaining them in position once they are suitably engaged.
As an alternative or addition to the above-mentioned mechanical engagement one may form a longitudinally extending
projection 30 forming on one side the detent 30a and on the other side the indent 30b mentioned above with reference
to Figure 2. This projection may be formed by passing the strip 14 between a pair of suitably shaped pinch rollers (not
shown) before the strip is rolled onto the outer surface of inner core 12, such as to cause the indent 30b to fit over the
preceding portion of detent 30a. This mechanical engagement may be used on its own or in combination with one or
more of the mechanical engagements discussed herein. Each of the above arrangements may be enhanced by the step
of applying an adhesive in the form discussed above to the contacting surfaces of the overlapping outer layer 14 and/
or between the inner liner 12 and the outer strip 14.
[0046] The original build specimen is detailed in the first column of Table 1 below and the liner’s yield strength was
selected to be as high as possible to match that of the Martinsite (1350 MPa). Therefore heavily cold worked 316L
stainless steel with a 862 Mpa ultimate tensile stress (UTS) was selected. Whilst this specimen did not burst until the
test pressure reached 11.1MPa (110Barg), this pressure was considered to be somewhat lower than might be expected.
After investigation it was realised a disadvantage of this material is that the weld heat affected zone (HAZ) has limited
strain capacity and could not strain follow the Martinsite and it was concluded that this problem could be addressed by
lowering the yield stress of the inner liner such that, even when welded, it is able to accommodate the strain under which
it is placed.
[0047] The pipe was then redesigned employing fully annealed stainless steel with a high strain capacity but with a
much lower yield strength at 306/308 MPa. and this didn’t burst until a pressure of 23.6MPa (235 Barg) was achieved.
Such a mismatch in yield strengths between the liner and the reinforcing windings allows the pipe to fully incorporate
the principles of auto-frettage to gain the maximum working pressure from the composite assembly. The original and
modified build specifications are shown in the following table where the 0.2 % proof stress is substantially equal to the
yield stress:

[0048] In each of the above specimens the bore of the pipe was 160mm.

TEST SPECIMEN BUILD DETAILS
TABLE 1

PROPERTIES ORIGINAL BUILD SPECIMENS MODIFIED BUILD SPECIMENS

Reinforcing Windings Material Martinsite 220 Martinsite 220

Winding Strip Thickness 0.5mm 0.5mm

Yield Stress 1350 MPa 1350 MPa

UTS 1550 MPa 1550 MPa

% Elongation 4.5% 4.5%

Liner Material
Semi Hard cold worked Fully annealed
316L Stainless Steel 316L Stainless Steel

Liner Thickness 0.77mm 1.00mm

0.2 Proof Stress 747 / 771 MPa 306 / 308 MPa

UTS 862 / 872 MPa 604 / 605 MPa

% Elongation Parent material 17%/18% 45%

Vickers Hardness Number VHN 295 160

Adhesive primer Solvent based Cytec BR127 Solvent based Cytec BR127

Adhesive
Single Part Film Based Epoxy with 
Textile Carrier

Single Part Film Based Epoxy with 
Textile Carrier

Cytec FM 8210-1 Cytec FM 8210-1

Build Specification

Liner wall = 0.75mm Liner wall = 1.00mm
2 layers Martinsite = 1.0mm 2 layers Martinsite =1.0mm
2 layers adhesive =0.34mm 2 layers adhesive =0.34mm
Wall thickness = 2.09mm Wall thickness = 2.34mm
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[0049] Whilst it will be appreciated that one may use a number of different materials for the core and the outer casing
we have conducted tests on the above and found the combination of a core fully annealed 36L Stainless Steel having
a yield stress of 280MPa and a high strength Martinsite ™ reinforcing outer casing 16, 26 having a yield stress of 1350MPa
provides excellent results. The table below provides details of the auto-frettage pressures used on this preferred sample.

[0050] It has been calculated that operating with a working pressure of 9.4MPa (94 bar) and subject to a shakedown
pressure of 14.0MPa (140 bar), the stress range in the 316L liner would vary from 205 MPa compressive stress to 138
MPa tensile stress. This has dramatically deceased the tensile stress in the liner, which is ideal for fatigue and stress
corrosion cracking. The Martinsite reinforcing windings would operate at a maximum stress of 586 MPa and have a
residual stress of 186MPa. With a yield of 1350 MPa the winding will have a factor of safety (FOS) of 2.3
[0051] The above test sample was pressure tested at 20°C and failed at a pressure of 23.7MPa (235.5 Barg). At this
pressure the end connector showed no sign of failure or distortion.
[0052] The table below gives the results of further cases for which the liner is 6mm of X42 (yield stress of 290 MPa)
and the pipe has a diameter of 900mm. Parameters have been adjusted to give a SF in the martinsite of about 2.

[0053] Cases F1 and F2 are for a nominal WP of 10.0MPa (100 Bar) and show the effect of changing the martinsite
grade from the strongest (M220) to the weakest (M130). In both cases the liner yields at the SP (1.5*WP) and goes into
compression at WP: but does not go into reverse yield.
[0054] Cases G1 and G2 are for a nominal WP of 20.0MPa (200 Bar), again with changes in Martinsite grade explored.
In case G1 the liner yield in tension at SP and also in compression at ZP (i.e. reverse yield), but on reloading the liner
stress is below yield and so plastic cycling does not occur.

DESIGN CALCULATIONS FOR HELIPIPE PRESSURE TEST INCORPORATING AUTO-FRETTAGE

Working Pressure 
MPa (Bar)

Shakedown 
Pressure MPa (Bar)

Liner Yield Pressure 
after shakedown

Liner Stress range 
after shakedown 
MPa

Martinsite Stress 
range after 
shakedown MPa

9.4 (94) 14.0 (140) 141 -205 / 138 186/586

Table 3 Helipipe Design Cases (No Axial Load)

Case F1 F2 G1 G1a G2

WP MPa (Bar) 10.4(104) 10.1(101) 20.1(201) 20.5(205) 20.3(203)

Martinsite grade M220 M130 M220 M220 M130

Martinsite yield stress MPa 1350 923 1350 1350 923

Martinsite thickness mm 6.5 8.5 13.0 10.0 20.0

FOS 2.2 2.1 2.2 1.8 2.2
(after shakedown)

Liner hoop stress -270 -180 -290 -290 -236
range (ZP to WP after shakedown) MPa +103 +133 +186 +288 +115

Martinsite hoop stress 249 127 134 174 71
range (ZP to WP after shakedown) MPa 622 440 610 752 422

In the above, ZP is zero pressure and WP is working pressure.

Table 4

Case F1 G1 G1a

WP MPa (Bar) 10.4(104) 20.1(201) 20.5(205)

Martinsite grade M220 M220 M220

Martinsite yield stress MPa 1350 1350 1350

Martinsite thickness mm 6.5 13.0 10.0
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[0055] It will be appreciated that many other materials may be selected for use in the manufacture of a tubular body
according to the present invention. By way of example only, we draw the reader’s attention to Figure 6 which illustrates
the stress strain curves for a number of different materials. From this Figure it can be seen that the stress strain curve
for 6061-T651 Aluminium (M1) would lend itself to use as a liner material due to its relatively low yield stress. Additional
materials such as Copper (M2), annealed 1018 Steel (M3) and possibly half rolled C2600 brass (M4) may also be
suitable, when matched with a casing material having a suitably high yield stress. Cold rolled 1018 Steel (M5) is also
an option but its relatively high yield should be taken into consideration. When selecting the combination of materials
one should remember that the outer casing needs to be stronger than the inner core so as to allow the core to experience
plastic deformation during the "auto-frettage" step whilst the outer casing remains under elastic strain conditions so that
upon returning to zero pressure the inner core is subjected to compressive stresses and the outer casing remains under
tensional stress and provides the inner core with its compressive stress.
[0056] Although the production of a new tubular body 10 is described above, it will be appreciated that this procedure
with the inner pipe 12 being constituted by an existing pipe can be utilised to refurbish and up-grade an existing pipe of
a pipeline or the like and also to produce pylons, towers, support arms, drive shafts and sub-sea dynamic risers, to name
but a few examples.
[0057] A particular advantage of one form of the present invention resides in the fact that the "auto-frettage" process
can be performed once the length of pipe has been installed in its final location. Under such circumstances one simply
needs to subject the pipe to the ’auto-frettage" process by raising the pressure of the fluid within the core 12 in order to
follow the profile shown in Figure 5. The core 12 essentially expands beyond its elastic limit and upon relaxation of the
internal pressure is subjected to a compressive force from the outer casing 16, 26 such that, upon subsequent raising
of the internal pressure to the desired working pressure the inner core 12 remains well below its elastic limit and is,
therefore, less prone to stress corrosion cracking.
[0058] It will be appreciated that the present forming process may be employed to produce a tapered product by simply

(continued)

Case F1 G1 G1a

FOS (after shakedown) 2.2 2.2 1.8

Liner hoop stress range (ZP to said after -270 -230 -290
shakedown) MPa +103 +186 +288

Martinsite hoop stress range (ZP to WP 249 134 174
after shakedown) MPa 622 610 752

In the above FSO is factor of safety.

Table 5 (No Axial Load)

Case H

OD (mm) 160

WP MPa (Bar) 10.5(105)

Martinsite grade M220

Martinsite yield stress MPa 1350

Martinsite thickness mm 1

Liner Material 316L

Liner PS MPa 300

Liner Thickness mm 1

FOS (after shakedown) 1.8

Liner hoop stress range (ZP -299
to WP after shakedown) MPa +100

Martinsite hoop stress range 299
(ZP to WP after shakedown) MPa 740
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winding the convolutions in a manner which results in the product diameter increasing or decreasing as the product is
formed. This arrangement may be very beneficial in the production of towers or other such products where a load
spreading effect is required or where one simply needs to alter the diameter for other performance or aesthetic require-
ments.
[0059] The design of the preferred pipe is based around a corrosion resistant pressure containing liner supported by
fully elastic high strength Martinsite windings. Under high internal pressures the Martinsite windings remain elastic and
carry the majority of the hoop stress. The role of the liner is to strain follow the Martinsite windings to order to provide a
leak free passage for the product.
[0060] Any test data provided herein is provided in relation to designs not incorporating the features of figures 7 to
10, from which additional benefit may be obtained.

Claims

1. A tubular body (22) comprising an inner hollow metal tubular core (12) and an outer casing (24), wherein the outer
casing has one or more metal strips (16, 26) of mechanically self inter-locking self over-lapping helically wound
material having a higher yield strength than that of the inner core (12), wherein the strip (26) includes an indent
(30b,60,66a,66b) and a detent (30a,62,68a,68b) which co-operate with each other in successive convolutions and
wherein an inner surface (16i) of the outer casing is in continuous contact with an outer surface (12a) of the core
so as to be capable of exerting a compressive force on the core (12) after the core has been subjected to an internal
pressure sufficient to cause plastic deformation of the core material.

2. A tubular body (22) as claimed in claim 1 wherein said core (12) comprises a tubular structure formed by a continuous
forming process.

3. A tubular body (22) as claimed in claim 1 or claim 2, wherein the tubular body has a protective casing on the outside
of the outer casing.

4. A tubular body (22) as claimed in any one of claims 1 to 3 wherein the strip (16,26) has a transverse cross-sectional
step (18,20), which, in each convolution of the strip accommodates the overlapping portion of the next convolution.

5. A tubular body (22) as claimed in any one of claims 1 to 4 wherein the outer casing (24) is selected from the group
comprising or consisting of steel, stainless steel, titanium and aluminium.

6. A tubular body (22) as claimed in any one of claims 1 to 5 wherein the strip (16,26) comprises Martinsite ™.

7. A tubular body (22) as claimed in any one of claims 1 to 6 wherein the core material comprises a corrosion resistant
material.

8. A tubular body (22) as claimed in any one of claims 1 to 7 wherein the core material comprises stainless steel.

9. A tubular body (22) as claimed in any one of claims 1 to 8 wherein the core material comprises 316L stainless steel.

10. A tubular body (22) as claimed in any one of claims 1 to 9 wherein the core (12) comprises a roll formed, seam
welded metal tube.

11. A tubular body (22) as claimed in claim 1 in which the indent (30b) comprises a longitudinally extending indent
formed on one side of the strip and the detent (30a) comprises a longitudinally extending detent on an opposite side
of said strip.

12. A tubular body (22) as claimed in any one of claims 1 to 11 wherein the strip includes two edges and one edge is
longer than the other.

13. A tubular body (22) as claimed in claim 1 or 12 wherein the body further includes an adhesive layer between
overlapping portions (16a) of the outer casing (24).

14. A tubular body (22) as claimed in claim 13 wherein the adhesive layer comprises a strip of adhesive applied to the
strip (16,26).
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15. A tubular body (22) as claimed in claim 13 wherein the adhesive or adhesives comprises a curable polymer.

16. A tubular body (22) as claimed in claim 13 wherein the adhesive comprises a single part film based epoxy having
a textile carrier.

17. A tubular body (22) as claimed in any one of claims 1 to 16 wherein the tubular body has an end and further includes
a connector (32) at an end thereof.

18. A tubular body (22) as claimed in claim 17 wherein the connector (32) includes a ring (40) of corrosion resistant
material, said core (12) comprises a corrosion resistant material and said ring and core are welded to each other.

19. A tubular body (22) as claimed in claim 18 wherein the tubular body includes helical projections (30) and said
connector (32) includes corresponding grooves (36g) for engagement with said helical projections.

20. A tubular body (22) as claimed in any one of claims 1 to 19 when constituted as a component selected from the list
of: pylon, tower, support arm, drive shaft and sub-sea dynamic riser.

21. A tubular body (22) as claimed in claim 13 in which the adhesive has anti-bacterial or radiation resistant properties.

22. A method of manufacturing a tubular body (22) according to any one of claims 1 to 21 comprising the step of winding
said strip (16,26) onto said core (12) in a mechanically self inter-locking, self over-lapping relationship, thereby to
form an outer casing (24) surrounding said core (12).

23. A method of manufacturing a tubular body as claimed in claim 22 and including the step of:

a. providing the hollow tubular core (12) in the form of a pre-existing pipeline.

24. A method as claimed in claim 22 including the step of providing the adhesive in the form of a strip of adhesive applied
to the strip (16,26) prior to it being over wound with a successive layer of said strip.

25. A method as claimed in any one of claims 22 to 24 including the step of applying an anti-corrosion coating in the
form of a plastic material spirally wound onto the body (22).

26. A method as claimed in any one of claims 22 to 25 including the step of subjecting the finished tubular body (22) to
an internal pressure sufficient to cause plastic deformation of the core material and elastic deformation of the outer
casing (24).

Patentansprüche

1. Röhrenförmiger Körper (22), umfassend einen inneren hohlen röhrenförmigen Metallkern (12) und ein äußeres
Gehäuse (24), wobei das äußere Gehäuse einen oder mehrere Metallstreifen (16, 26) aus einem mechanisch selbst-
verriegelnden selbst-überlappenden spiralförmig gewickelten Material mit einer höheren Streckfestigkeit als die des
inneren Kerns (12) aufweist, wobei der Streifen (26) eine Vertiefung (30b, 60, 66a, 66b) und eine Rastung (30a, 62,
68a, 68b) umfasst, die miteinander in aufeinander folgenden Windungen zusammenwirken, und wobei eine innere
Oberfläche (16i) des äußeren Gehäuses in stetigem Kontakt mit einer äußeren Oberfläche (12a) des Kerns ist, um
eine Druckkraft auf den Kern (12) ausüben zu können, nachdem der Kern einem inneren Druck unterworfen wurde,
der ausreichend ist, um eine plastische Deformation des Kernmaterials zu bewirken.

2. Röhrenförmiger Körper (22) nach Anspruch 1, wobei der Kern (12) eine röhrenförmige Struktur, gebildet durch ein
kontinuierliches Formverfahren, umfasst.

3. Röhrenförmiger Körper (22) nach Anspruch 1 oder Anspruch 2, wobei der röhrenförmige Körper ein schützendes
Gehäuse auf der Außenseite des äußeren Gehäuses aufweist.

4. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 3, wobei der Streifen (16, 26) einen quer verlaufenden
Querschnittsstufe (18, 20) aufweist, der, in jeder Windung des Streifens, den überlappenden Teil der nächsten
Windung aufnimmt.
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5. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 4, wobei das äußere Gehäuse (24) ausgewählt ist
aus der Gruppe umfassend oder bestehend aus Stahl, Edelstahl, Titan und Aluminium.

6. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 5, wobei der Streifen (16, 26) Martinsite™ umfasst.

7. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 6, wobei das Kernmaterial ein korrosionsbeständiges
Material umfasst.

8. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 7, wobei das Kernmaterial Edelstahl umfasst.

9. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 8, wobei das Kernmaterial 316L Edelstahl umfasst.

10. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 9, wobei der Kern (12) eine rollgebogene rollnahtge-
schweißte Metallröhre umfasst.

11. Röhrenförmiger Körper (22) nach Anspruch 1, in welchem die Vertiefung (30b) eine sich längs erstreckende Ver-
tiefung umfasst, die auf einer Seite des Streifens gebildet ist, und wobei die Rastung (30a) eine sich längs erstrek-
kende Rastung auf einer gegenüberliegenden Seite des Streifens umfasst.

12. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 11, wobei der Streifen zwei Kanten umfasst, und wobei
eine Kante länger ist als die andere.

13. Röhrenförmiger Körper (22) nach Anspruch 1 oder 12, wobei der röhrenförmige Körper eine haftende Schicht
zwischen den sich überlappenden Teilen (16a) des äußeren Gehäuses (24) umfasst.

14. Röhrenförmiger Körper (22) nach Anspruch 13, wobei die haftende Schicht einen Streifen aus Klebstoff, aufgebracht
auf den Streifen (16, 26), umfasst.

15. Röhrenförmiger Körper (22) nach Anspruch 13, wobei der Klebstoff oder die Klebstoffe ein härtbares Polymer
umfasst/umfassen.

16. Röhrenförmiger Körper (22) nach Anspruch 13, wobei der Klebstoff ein auf einem einteiligen Film basierendes
Epoxy mit einem Textilträger umfasst.

17. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 16, wobei der röhrenförmige Körper ein Ende aufweist,
und ferner einen Verbinder (32) bei einem Ende davon umfasst.

18. Röhrenförmiger Körper (22) nach Anspruch 17, wobei der Verbinder (32) einen Ring (40) aus korrosionsbeständigem
Material umfasst, wobei der Kern (12) ein korrosionsbeständiges Material umfasst und der Ring und der Kern
miteinander verschweißt sind.

19. Röhrenförmiger Körper (22) nach Anspruch 18, wobei der röhrenförmige Körper spiralförmige Vorsprünge (30)
umfasst und der Verbinder (32) korrespondierende Nuten (36g) zum Eingriff mit den spiralförmigen Vorsprüngen
umfasst.

20. Röhrenförmiger Körper (22) nach einem der Ansprüche 1 bis 19, der, wenn er als eine Komponente errichtet ist,
ausgewählt ist aus der Liste aus: Pfeiler, Turm, Trägerarm, Antriebswelle und unterseeisches dynamisches Steigrohr.

21. Röhrenförmiger Körper (22) nach Anspruch 13, in welchem der Klebstoff antibakterielle oder strahlenbeständige
Eigenschaften aufweist.

22. Verfahren zur Herstellung eines röhrenförmigen Körpers (22) gemäß einem der Ansprüche 1 bis 21, umfassend
den Schritt des Wickelns des Streifens (16, 26) auf den Kern (12) in einer mechanisch selbst-verriegelnden, selbst-
überlappenden Beziehung, wodurch ein äußeres Gehäuse (24), das den inneren Kern (12) umgibt, gebildet wird.

23. Verfahren zur Herstellung eines röhrenförmigen Körpers nach Anspruch 22 und umfassend den Schritt:

a. Bereitstellen des hohlen röhrenförmigen Kerns (12) in der Form einer vorher vorhandenen Rohrleitung.
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24. Verfahren nach Anspruch 22, umfassend den Schritt des Bereitstellens des Klebstoffs in der Form eines Streifens
von Klebstoff, aufgebracht auf den Streifen (16, 26), bevor er mit einer nachfolgenden Schicht des Streifens über-
wickelt wird.

25. Verfahren nach einem der Ansprüche 22 bis 24, umfassend den Schritt des Aufbringens einer Anti-Korrosions-
Beschichtung in der Form eines Kunststoffmaterials, das spiralförmig auf den Körper (22) gewickelt ist.

26. Verfahren nach einem der Ansprüche 22 bis 25, umfassend den Schritt des Aussetzens des fertigen röhrenförmigen
Körpers (22) einem inneren Druck, der ausreichend ist, um eine plastische Deformation des Kernmaterials und eine
elastische Deformation des äußeren Gehäuses (24) zu bewirken.

Revendications

1. Corps tubulaire (22) comprenant un coeur tubulaire métallique creux intérieur (12) et un carter extérieur (24), dans
lequel le carter extérieur comprend une ou plusieurs bandes métalliques (16, 26) en un matériau enroulé en hélice
à auto-recouvrement et auto-interverrouillage mécanique présentant une résistance plus élevée que celle du coeur
intérieur (12), dans lequel la bande (26) inclut une encoche (30b, 60, 66a, 66b) et un ergot (30a, 62, 68a, 68b) qui
coopèrent l’un avec l’autre dans des spires successives et dans lequel une surface intérieure (16i) du carter extérieur
est en contact continu avec une surface extérieure (12a) du coeur de manière à être capable d’exercer une force
de compression sur le coeur (12) après que le coeur ait été soumis à une pression interne suffisante pour entraîner
une déformation plastique du matériau du coeur.

2. Corps tubulaire (22) selon la revendication 1, dans lequel ledit coeur (12) comprend une structure tubulaire formée
par un processus de formage continu.

3. Corps tubulaire (22) selon la revendication 1 ou 2, dans lequel le corps tubulaire comprend un carter protecteur sur
l’extérieur du carter extérieur.

4. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 3, dans lequel la bande (16, 26) présente un
gradin (18, 20) en section transversale qui, dans chaque spire de la bande, reçoit la portion en chevauchement de
la spire suivante.

5. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 4, dans lequel le carter extérieur (24) et en un
matériau choisi parmi le groupe comprenant ou constitué de acier, acier inoxydable, titane et aluminium.

6. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 5, dans lequel la bande (16, 26) comprend un
matériau connu sous la marque déposée Martinsite.

7. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 6, dans lequel le matériau du coeur comprend
un matériau résistant à la corrosion.

8. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 7, dans lequel le matériau du coeur comprend
un acier inoxydable.

9. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 8, dans lequel le matériau du coeur comprend
de l’acier inoxydable 316L.

10. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 9, dans lequel le coeur (12) comprend un tube
métallique formé par galetage et soudé en continu.

11. Corps tubulaire (22) selon la revendication 1, dans lequel l’encoche (30b) comprend une encoche s’étendant lon-
gitudinalement et formée sur un côté de la bande, et l’ergot (30a) comprend un ergot s’étendant longitudinalement
sur un côté opposé de ladite bande.

12. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 11, dans lequel la bande inclut deux bords, et
un bord est plus long que l’autre.
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13. Corps tubulaire (22) selon la revendication 1 ou 12, dans lequel le corps inclut en outre une couche adhésive entre
des portions en chevauchement (16a) du carter extérieur (24).

14. Corps tubulaire (22) selon la revendication 13, dans lequel la couche adhésive comprend une bande d’adhésif
appliquée sur la bande (16, 26).

15. Corps tubulaire (22) selon la revendication 13, dans lequel l’adhésif ou les adhésifs comprend/comprennent un
polymère capable de durcir.

16. Corps tubulaire (22) selon la revendication 13, dans lequel l’adhésif comprend un époxy à base d’un film mono-
composant ayant un support textile.

17. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 16, dans lequel le corps tubulaire comporte une
extrémité et inclut en outre un connecteur (32) à l’une de ses extrémités.

18. Corps tubulaire (22) selon la revendication 17, dans lequel le connecteur (32) inclut une bague (40) en matériau
résistant à la corrosion, ledit coeur (12) comprend un matériau résistant à la corrosion, et ladite bague et ledit coeur
sont soudés l’un à l’autre.

19. Corps tubulaire (22) selon la revendication 18, dans lequel le corps tubulaire inclut des projections en hélice (30)
et ledit connecteur (32) comprend des rainures correspondantes (36g) pour engager lesdites projections en hélice.

20. Corps tubulaire (22) selon l’une quelconque des revendications 1 à 19, constitué à titre de composant choisi parmi
la liste : pylône, tour, bras de support, arbre d’entraînement, et colonne montante dynamique sous-marine.

21. Corps tubulaire (22) selon la revendication 13, dans lequel l’adhésif a des propriétés antibactériennes ou de résis-
tance aux radiations.

22. Procédé de fabrication d’un corps tubulaire (22) selon l’une quelconque des revendications 1 à 21, comprenant
l’étape consistant à enrouler ladite bande (16, 26) sur ledit coeur (12) dans une relation à auto-recouvrement et
auto-interverrouillage mécanique, pour former ainsi un carter extérieur (24) qui entoure ledit coeur (12).

23. Procédé de fabrication d’un corps tubulaire selon la revendication 22, incluant l’étape consistant à fournir le coeur
tubulaire creux (12) sous la forme d’un pipeline préexistant.

24. Procédé selon la revendication 22, incluant l’étape consistant à fournir l’adhésif sous la forme d’une bande d’adhésif
appliquée sur la bande (16, 26) avant que celle-ci soit recouverte lors de l’enroulement avec une couche successive
de ladite bande.

25. Procédé selon l’une quelconque des revendications 22 à 24, incluant l’étape consistant à appliquer un revêtement
anticorrosion sous la forme d’une matière plastique enroulée en spirale sur le corps (22).

26. Procédé selon l’une quelconque des revendications 22 à 25, incluant l’étape consistant à soumettre le corps tubulaire
fini (22) à une pression interne suffisante pour provoquer une déformation plastique du matériau du coeur et une
déformation élastique du carter extérieur (24).
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